Abstract -Predictive function control strategy of the singlelink manipulator with flexible joint is presented. The design process includes following three steps. First, the basic idea of feedback linearization is to construct a nonlinear control law as a so-called inner loop control which, in the ideal case, exactly linearizes the nonlinear system after a suitable state space change of coordinates. A second stage or outer loop control in the new coordinates is designed to satisfy pole displacement specification, such as tracking. The third stage is designed to use predictive function control for disturbance rejection and uncertainty, no perfect linearization and so forth.
I. INTRODUCTION
Flexible-link robotic manipulators have many advantages with respect to conventional rigid robots. These mechanisms are built using lighter, cheaper materials, which improve the payload to arm weight ratio, thus resulting in an increase of the speed with lower energy consumption. Moreover these lightweight arms are more safely operated due to the reduced inertia and compliant structure, which is very convenient for delicate assembly tasks and interaction with fragile objects, including human beings. The control for robot manipulators is the problem of determining the time history of joint inputs required to cause the end-effector to execute a commanded motion. Now there are many control techniques and methodologies that can be applied to the control of manipulators. The particular control method chosen as well as the manner in which it is implemented can have a significant impact on the performance of the manipulator and consequently on the range of its possible applications. In addition, the mechanical design of the manipulator itself will influence the type of control scheme needed. However, realizing this increased performance requires more sophisticated approaches to control. An approach of control for flexible joint system has received a considerable amount of attention during the past. The feedback control strategies of flexible joint robots have PD, inverse dynamics, on the force control problem for flexible joint manipulator (1989, MARK W. SPONG), an integral manifold approach to the feedback control of flexible joint robots (1987, MARK W. SPONG, KHASHAYAR KHORASANI, and PETAR V. KOKOTOVIC), nonlinear feedback control of flexible joint manipulators: a single link case study, (1990, K. KHORASANI). The basic idea of feedback linearization is to construct a nonlinear control law as a so-called inner loop control which, in the ideal case, exactly linearizes the nonlinear system after a suitable state space change of coordinates. The designer can then design a second stage or outer loop control in the new coordinates to satisfy the traditional control design specifications such as tracking, disturbance rejection, and so forth. Since the feedback linearization of flexible joint manipulator is a fourth order integrator system, so we proposed the third stage design method, first is nonlinear feedback to get integrator system, second is pole placement to get expect performance, and third is use PFC to reject disturbance and uncertainty, e.g. system can not be exactly cancelled by nonlinear feedback, coupling effects of the joint flexibility. More accurate description of robot dynamics may include fast actuator dynamics and joint and link flexibility, and so on.
II. EQUATIONS OF MOTION
Consider the single-link arm shown in Figure1, consisting of a flexible joint. 
where I is the inertia of link, J is the moment of inertia with an equivalent motor. The potential energy is
where M is the mass of link, L is the length of link.
Therefore we compute
Therefore the equations of motion, ignoring damping, are given by 0
Note that since the nonlinearity enters into the first equation the control u cannot simply be chosen to cancel it as in the case of the rigid manipulator equations. In other words, there is no obvious analogue of the inverse dynamics control for the system in this form.
In state space we set
(9) and write the system (7)-(8) as
The system is thus of the form with
Therefore n=4 and the necessary and sufficient conditions for feedback linearization of this system are that 
. Also,
are constant, they form an involutive set.
(12) To see this it suffices to note that the Lie Bracket of two constant vector fields is zero. Hence the Lie Bracket of any two members of the set of vector fields in (12) is zero which is trivially a linear combination of the vector fields themselves. It follows that the system (7)- (8) is feedback linearizable. The new coordinates 
From this we see that the function 1 T should be a function of 1 x alone. Therefore, we take the simplest solution
and compute
The feedback linearizing control input u is found from the condition
Therefore in the coordinates 
III. OUTER LOOP DESIGN BASED ON PREDICTIVE FUNCTION CONTROL
The technique of feedback linearization is important in that it leads to a control design methodology for nonlinear systems. In the context of control theory, however, one should be highly suspicious of techniques that rely on exact mathematical cancellation of terms, linear or nonlinear, from the equations defining the system.
In this section, we investigate the effect of parameter uncertainty, computational error, model simplification, etc., and show that the most important property of feedback linearizable systems is not necessarily that the nonlinearities can be exactly cancelled by nonlinear feedback, but rather that, once an appropriate coordinate system is found in which the system can be linearized, the nonlinearities are in the range space of the input. This property is highly significant and is exploited by the predictive function control techniques to guarantee performance in the realistic case that the nonlinearities in the system are not known exactly.
Consider first a single-input feedback linearizable system. After the appropriate coordinate transformation, the system can be written in the ideal case as
provided that u is given by (26) in order to cancel the nonlinear terms ) x ( α and ) x ( β . In practice such exact cancellation is not achievable and it is more realistic to suppose that the control law u in (26) is of the form
where
, respectively. These functions may differ from the true ) x ( α , ) x ( β for several reasons. Because the inner loop control u is implemented digitally, there will be an error due to computational round-off and delay. Also, since the terms
β are functions of the system parameters such as masses, and moments of inertia, any uncertainty in knowledge of these parameters will be reflected in
. In addition, one may choose intentionally to simplify the control u by dropping various terms in the equations in order to facilitate on-line computation. If we now substitute the control law (32) into (31) we obtain 
(38) where Ky is a linear feedback designed to place the eigenvalues of A in a desired location, v Δ represents an additional feedback loop to maintain the nominal performance despite the presence of the nonlinear term η . r y is a reference input, which can be chosen as a signal for tracking a desired trajectory. The block diagram of control system is in Figure 2 . 
